Introduction {#S0001}
============

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is a novel virus which was first detected in humans in late December 2019[@CIT0001] Its emergence was first reported in Wuhan, Hubei Province, China, followed by a large outbreak in that country.[@CIT0001],[@CIT0002] By January 2020, a global public health emergency had been announced by the World Health Organization (WHO) and two months later, in March, the WHO declared the coronavirus outbreak a global pandemic. By May 28, 2020, a total number of 5,593,631 cases and 353,334 confirmed deaths caused by COVID-19 had been reported by the WHO. Since then, COVID-19 has continued to spread, and cases are currently reported in 203 countries.[@CIT0003]

Transplant patients receiving immunosuppressive therapy are at the highest risk of severe illness from COVID-19. The prevalence of human coronavirus (HCoV) was 8.8% in immunocompetent vs 4.5% in immunocompromised patients.[@CIT0004] In another study evaluating 540 bronchoalveolar lavage (BAL) samples from patients in a 20-month period, more than half of the patients diagnosed with HCoV were solid organ recipients.[@CIT0005] Studies have also been published in Spain and Italy, as active centers in solid organ transplantation in Europe, evaluating transplanted patients with COVID-19.[@CIT0006],[@CIT0007] So, a balance is needed between optimal and safe immunosuppression regimens to maintain graft function and the management of COVID-19. Two of the most important challenges ahead are modifying immunosuppressive regimens and the management of drug interactions, as well as adverse events of treatment options for COVID-19 in transplant patients. Considering the novelty of COVID-19 and the lack of valid randomized clinical trials regarding its treatment, particularly the management of transplant patients, this study aims to review the published articles and interim guidelines in this regard. Because of the limited experience on COVID-19 in transplant recipients, the following points are based on studies conducted so far on this disease and also previous articles regarding severe acute respiratory syndrome coronavirus (SARS-CoV-1) and Middle East respiratory syndrome-related coronavirus (MERS-CoV). On the other hand, more attention should be paid to therapeutic interventions for these patients, particularly in the ICU setting and ensuring safe medication use.[@CIT0008] Thus, this review describes clinical important considerations about the treatment of COVID-19 and immunosuppressive regimens, regarding modifications, side effects, and interactions in adult kidney or liver allograft recipients.

[Table 1](#T0001){ref-type="table"} shows a summary of medications which are used or suggested for the management of COVID-19 patients, according to recent studies. In stable patients who can be treated as outpatients, monotherapy with chloroquine/hydroxychloroquine (with doses mentioned in [Table 1](#T0001){ref-type="table"}) or combination therapy with oseltamivir in high-risk areas for H1N1 outbreaks is suggested. Based on interim guidelines from China and Belgium, in patients with unstable respiratory conditions (respiratory rate \>30 breaths/min, PaO~2~ \<93%, or extensive pulmonary infiltration) who need to be admitted to hospital because of SARS, chloroquine/hydroxychloroquine in combination with lopinavir/ritonavir after the discontinuation of chloroquine/hydroxychloroquine, with or without ribavirin, or using remdesivir and interleukin (IL) antagonists, such as tocilizumab, is suggested.[@CIT0009],[@CIT0010] However, some guidelines may advise against these suggestions.Table 1A Summary of Medications Used for Management of COVID-19 PatientsDrugsPharmacologic CategoryMechanism of ActionDosage Regimen in COVID-19ReferencesLopinavir/RitonavirAntiretroviral agentLopinavir is an HIV-1 protease inhibitor; ritonavir increases the half-life of lopinavir via inhibiting cytochrome P450400 mg/100 mg twice daily for 7--14 days[@CIT0039],[@CIT0040]Chloroquine/HydroxychloroquineAntimalarial (aminoquinoline)Chloroquine inhibits quinine reductase, an essential enzyme for biosynthesis of sialic acid, which is necessary for virus fusion with host cellChloroquine: 400 mg daily for 10--14 days\
Hydroxychloroquine: 500 mg twice daily for 10 days or 200 mg 3 times daily for 10 days[@CIT0030],[@CIT0031],[@CIT0121]UmifenovirAntiviral agentHemagglutinin inhibitor, which inhibits virus membrane fusion with host cell200 mg every 12 hours for 10 days[@CIT0065],[@CIT0066]RibavirinAntiviral agentInhibits protein synthesis via blocking IMPDH during replication of virus1200--2000 mg daily divided into twice daily for 5 days[@CIT0052],[@CIT0054],[@CIT0055]RemdesivirAntiviral agentInterferes with RNA polymerase200 mg IV stat and then 100 mg daily for 9 days[@CIT0058],[@CIT0064]InterferonInterferonsIncreases phagocyte activity of macrophages and augments cytotoxicity of lymphocytes for viral cells5 million units twice daily via atomic nebulization or SQ administration [@CIT0070],[@CIT0075],[@CIT0076]TocilizumabAntirheumatic/IL-6 receptor antagonistAntagonist of intracellular IL-6 receptor400 mg IV infusion stat[@CIT0084][^1]

Immunosuppressive Modifications {#S0002}
===============================

The data regarding modification of the immunosuppressive regimen in transplant patients with COVID-19 are limited; thus, we have to utilize the recommendations provided in transplant guidelines by scientific communities related to transplantation. For instance, the guideline provided by Massachusetts General Hospital has suggested that in non-critically ill kidney and liver transplant recipients, cyclosporine and tacrolimus doses should be reduced by 50% and their plasma concentrations should remain within 25--50 ng/mL and 3--5 ng/mL, respectively. Also, it has been recommended that antimetabolites, such as mycophenolate mofetil or mycophenolatesodium (Myfortic and CellCept) and azathioprine, should be stopped. At the same time, this guideline has recommended stopping all immunosuppressants in critically ill patients and administering prednisolone, but the dose has not been mentioned.[@CIT0011] Meanwhile, the American Association for the Study of Liver Diseases (AASLD) has announced that there is no need to discontinue or decrease the dose of immunosuppressants in non-critically ill patients.[@CIT0012]

In one case report regarding the successful treatment of a kidney transplant recipient with pneumonia caused by SARS-CoV-2 in China, all the immunosuppressants were stopped and the patient received 5 g intravenous immunoglobulin (IVIG) on the first day and then 10 g/day for the next 11 days, with 40 mg/day methylprednisolone for 12 days and 5 million units/day interferon as atomization inhalation.[@CIT0013] However, using corticosteroids in the management of patients with acute respiratory distress syndrome (ARDS) or those affected with COVID-19 is controversial.[@CIT0014] The WHO advises against the use of corticosteroids for the management of severe acute respiratory infection when SARS-CoV-2 is suspected, unless indicated for another reason, such as an asthma attack or reversible septic shock.[@CIT0015],[@CIT0016] Inhibition of the immune response, reduction in pathogen clearance and an increase in viral shedding have been observed following the use of corticosteroids.[@CIT0017],[@CIT0018] Considering that adverse clinical outcomes and increased mortality and morbidity following the administration of corticosteroids in patients with respiratory infections caused by respiratory syncytial virus (RSV), influenza, SARS-CoV-1, or MERS-CoV may be due to an increased risk of secondary bacterial infections, their use for the prevention of disease progression or its treatment remains under discussion.[@CIT0019]

In this regard, more precautions should be taken in transplant patients, because these agents are the main components of immunosuppression and their abrupt discontinuation may lead to an increased risk of acute rejection or flares in some liver transplant situations, such as autoimmune hepatitis. So, the AASLD suggests avoiding high doses of corticosteroids in these patients, and whenever the dose reduction is unavoidable, a minimum dose of 10 mg/day prednisone should be considered to avoid adrenal insufficiency.[@CIT0012]

Considering the pulmonary adverse effects of mammalian target of rapamycin (mTOR) inhibitors (ie, sirolimus and everolimus), including drug-induced pneumonitis and interstitial lung disease,[@CIT0020] it is reasonable to stop mTOR inhibitors and substitute them with calcineurin inhibitors (CNIs).[@CIT0020]

So far, no specific regimen has been suggested for acute rejection episodes in liver and kidney transplant patients suffering from COVID-19, but considering the positive role of IVIG in the management of patients with COVID-19 in some experiences, administering IVIG as part of the treatment of antibody-mediated acute rejection in kidney transplant patients may be useful.[@CIT0021],[@CIT0022] As mentioned earlier in this section, the decrease in immunosuppression in transplant recipients leads to an increase in rejection risk. Thus, modification of the immunosuppression regimen should be rational and individualized.

Another important issue to be considered is that SARS-CoV-2 can present as renal or hepatic impairment and it is necessary to differentiate these clinical manifestations from rejection episodes in liver or kidney recipients. According to the affinity between SARS-CoV-2 and angiotensin-converting enzyme-2 (ACE-2) receptors, which are enriched in the lung, liver, and biliary systems, an increase in liver enzymes, such as aspartate transaminase (AST), alanine transaminase (ALT),alkaline phosphatase (ALP), and gamma-glutamyl transferase (GGT), was seen in patients affected with COVID-19.[@CIT0023],[@CIT0025] The incidence of elevated liver enzymes in these patients ranges from 14% to 53%.[@CIT0026] Features of renal impairment, such as massive albuminuria, hematuria, and elevation in blood urea nitrogen or serum creatinine, are also present in these patients, with an incidence ranging between 14.1% and 44%.[@CIT0027] Therapeutic options for the management of liver or kidney injury following COVID-19 include limiting the use of hepatotoxic medications such as acetaminophen for fever management. Using compounds such as glycyrrhizic acid, owing to its steroid-like characteristics, could reduce hepatocyte inflammation to some extent.[@CIT0028] Also, one stud suggested using ursodeoxycholic acid and S-adenosylmethionine for the improvement of cholestatic liver injury caused by COVID-19.[@CIT0029]

Drug--Drug Interactions and Side Effects {#S0003}
========================================

The suggested drug regimens for the treatment of COVID-19 have several drug--drug interactions and adverse drug reactions regarding immunosuppressive medications, which are mentioned in [Table 2](#T0002){ref-type="table"}. These points are discussed in more detail below.Table 2Drug Interactions, Side Effects, and Pharmacotherapeutic Considerations with COVID-19 Medications in Transplant PatientsDrugsSide EffectsDrug--Immunosuppressant Interactions (Risk Rating)ConsiderationsLopinavir/RitonavirGI upset, including N/V, skin rash, hypercholesterolemia, increased serum TGs, increased liver enzymes, diarrhea, abdominal pain, dysgeusia, URT infectionMay increase serum concentration of everolimus (category=X); concurrent use should be avoided\
May increase serum concentration of cyclosporine and tacrolimus (category=D); dose reduction or prolongation of dosing interval and monitoring serum concentrations should be considered\
May increase serum concentration of Sirolimus (category=D); consider avoiding concurrent use\
Recommended dose of tacrolimus is 0.5 mg every 5--7 days and its plasma concentration should be maintained between 6 and 8 ng/mL.\
If daily administration of tacrolimus is preferred, the dose of 0.03--0.08 mg daily or to 1/20th--1/50th reduction in daily dose is recommended.\
Cyclosporine has less severe drug interactions with PIs than tacrolimus Cyclosporine dose should be reduced to 1/5th total daily dose to achieve 100--200 ng/mL (eg, 25 mg every 1--2 days);daily plasma concentration measurement is also recommendedNo dose adjustment is suggested in the manufacturer's labeling for renal and hepatic impairment; use with caution\
Once-daily dosing in hemodialysis patients should be avoided\
May prolong QT and PR intervals\
Metabolized by CYP3A4 and potently inhibits this isoenzyme and CYP2D6 to a lesser extentChloroquine/HydroxychloroquineRetinopathy and maculopathy (occurred in long-term use), cardiomyopathy resulting in heart failure, QT interval prolongation, increased liver enzymes, bone marrow suppression (rare), hemolytic anemia, hypoglycemia, GI upset, occasional headaches, dizziness, loss of appetiteMay increase serum concentration of cyclosporine (category=D); monitoring for increased serum concentrations and toxic effects should be conducted50% of dose should be administered in patients with GFR \<10 mL/min, hemodialysis, and peritoneal dialysis\
The drug removal by hemodialysis is negligible\
No dose adjustment is necessary during CRRT\
No dose adjustment is suggested in the manufacturer's labeling for hepatic impairment; should be used with caution\
Should be used cautiously in patients with G6PD deficiency due to a potential for hemolytic anemia\
Risk factors for QT prolongation, including hypomagnesemia, hypokalemia, and cardiomyopathy, should be evaluated before initiation, and eliminated if possibleUmifenovirNo data availableNo data availableMetabolized by liver, particularly CYP3A4, so it should be used with caution in patients with liver failure\
Its protein binding is high; thus, it should be used cautiously in patients receiving other medications with high protein binding, such as warfarinRibavirinHeadache, fatigue, loss of appetite, diarrhea, abdominal pain, dyspepsia, neutropenia, anemia, lymphocytopenia, hemolytic anemia, increased serum bilirubin, musculoskeletal pain, influenza-like symptoms, URT infectionsMay increase serum concentrations of active metabolites of azathioprine (category=D), especially myelotoxic metabolites; it is suggested to consider alternative agents; monitoring for signs and symptoms of myelosuppression should be conductedDose adjustment should be considered in renal impairment, but optimal dose is not defined; 400 mg twice daily could be considered for patients with mild renal impairment (limited data); its use is not recommended in patients with GFR \<50 mL/min due to increased risk of hemolytic anemia\
Its use is contraindicated in hepatic decompensation (Child--Pugh class B and C)\
Hemolytic anemia 1--2 weeks after initiation of the drug is of great importance (particularly in cardiovascular patients)\
Concurrent use with bone marrow suppressants, eg, antimetabolites, cotrimoxazole, ganciclovir, and valganciclovir, causes thrombocytopenia and pancytopeniaRemdesivirRash, diarrhea, hypotension, increased liver enzymesCan induce CYP enzymes, including CYP1A2, CYP2B6, and CYP3A4, but currently no data are available regarding its drug--drug interactions.Remdesivir 100 mg and 5 mg/mL vials should be kept under 30°C and at refrigerated temperatures (2--8°C), respectively, until time of use. The 5 mg/mL vials can be diluted with normal saline and stored for maximum 4 hours at room temperature or 24 hours at refrigerated temperatureInterferonsFatigue, headache, chills, depression, malaise, neutropenia, granulocytopenia, leukopenia, anemia, thrombocytopenia, increased serum AST, ALT, and ALP, dyspnea, coughNo interactionsIt is suggested to permanently discontinue the drug for severe (grade 3) hepatic injury or hepatic decompensation (Child--Pugh class B and C \[score \>6\])TocilizumabHepatotoxicity, increased serum ALT and AST, injection-site and infusion-related reactions, increased risk of URT infections, neutropenia, leukopenia, thrombocytopeniaConcomitant use with rituximab should be avoided (category=X)\
May decrease serum concentration of tacrolimus (category=C); monitoring for decreased levels should be conductedNo dose adjustment is necessary in patients with CrCl \<30 mL/min\
No dose adjustment is suggested for patients with hepatic impairment in the manufacturer's labeling (has not been studied)\
Initiation of therapy in patients with active hepatic disease or hepatic impairment is not recommended[^2]

Chloroquine Phosphate or Hydroxychloroquine {#S0003-S2001}
-------------------------------------------

Chloroquine phosphate or hydroxychloroquine, which has antimalarial characteristics, is one of the drugs used for the management of COVID-19 owing to its inhibitory effect on viral replication and its appropriate lung permeability.[@CIT0030],[@CIT0031] The suggested dose for chloroquine and hydroxychloroquine is 500 mg twice daily for 10 days and 400 mg daily for 10--14 days, respectively.[@CIT0030] If hydroxychloroquine is used in combination with lopinavir/ritonavir, a loading dose of 200 mg twice daily should be administered on the first day, then hydroxychloroquine should be discontinued and lopinavir/ritonavir initiated. An increase in liver enzymes, particularly when used concurrently with hepatotoxic drugs, gastrointestinal upset, and hemolytic anemia in patients with glucose-6-phosphate dehydrogenase (G6P) deficiency are important adverse effects of this drug.[@CIT0032] This drug can cause QT prolongation, too. So, prior to initiating this medication, the risk factors for QT prolongation, including hypomagnesemia, hypokalemia, and cardiomyopathy, should be evaluated and eliminated if possible.[@CIT0033] This adverse effect can also occur when chloroquine or hydroxychloroquine is used in combination with lopinavir/ritonavir, another drug used for the management of COVID-19, or some other QTc-prolonging medications, including antipsychotics (eg, pimozide) or cardiac medications (eg, digoxin). Occasional headaches, dizziness, loss of appetite, and maculopathy (in long-term use) are other adverse effects of this drug.[@CIT0034]

Regarding the interactions between these drugs and immunosuppressants, it should be mentioned that chloroquine and hydroxychloroquine, as well as CNIs and mTor inhibitors, can cause QT prolongation. Furthermore, everolimus is a CYP3A4 inhibitor and can theoretically increase hydroxychloroquine and chloroquine concentration, and potentiates the QT-prolonging effect of these drugs. Cyclosporine concentration is also affected by hydroxychloroquine and chloroquine by inhibiting their metabolism through the inhibition of CYP3A4. Therefore, the cyclosporine level should be monitored periodically and the dose may be decreased if necessary.[@CIT0035],[@CIT0036] Removal of the drug by hemodialysis is negligible. It is suggested that 50% of the usual dose should be administered in patients with a glomerular filtration rate (GFR) \<10 mL/min, but 100% of the usual dose is recommended for patients on continuous renal replacement therapy (CRRT).[@CIT0037],[@CIT0038]

Lopinavir/Ritonavir {#S0003-S2002}
-------------------

Another drug of interest in the management of COVID-19 is lopinavir/ritonavir. Lopinavir is a protease inhibitor (PI) which has been used for years in the treatment of human immunodeficiency virus (HIV). Ritonavir increases the plasma half-life of lopinavir due to its inhibition of CYP450 enzymes.[@CIT0039] Some previous studies have shown positive results in using this drug against SARS and MERS.[@CIT0122],[@CIT0123] Thus, this drug has drawn medical attention for the management of COVID-19.[@CIT0040] Although some studies have reported positive effects of this drug on COVID-19,[@CIT0021],[@CIT0041] a recently published article questioned its efficacy.[@CIT0042] Based on limited studies, using lopinavir as monotherapy or in combination with umifenovir (Arbidol®), ribavirin, or interferon could help in the management of patients with COVID-19;[@CIT0021] however, a clinical trial did not demonstrate any superiority of lopinavir monotherapy over standard care supportive therapy.[@CIT0042] Therefore, further evaluations are required regarding its efficacy and safety.

So far, few studies have been conducted regarding the use of this drug in liver and kidney transplant patients, but if it is administered to this population, its adverse effects and interactions with immunosuppressants and other medications used in transplant patients, such as fluoroquinolones for the treatment of Gram-negative infections, should be considered. Although gastrointestinal upset, including nausea and vomiting, is the most important adverse effect of this drug,[@CIT0039] QT prolongation in combination with other medications used in the COVID-19 treatment regimen is also an issue of concern. Thus, it should be prescribed cautiously in patients with significant risk factors, such as previous second- and third-degree heart block.[@CIT0043] A rise in liver enzymes, particularly in decompensated cirrhosis, and pancreatitis have also been reported with its use in HIV patients.[@CIT0039] Ritonavir is an inhibitor of CYP3A4 and to a lesser extent CYP2D6, as well as an inhibitor of intestinal glycoprotein P.[@CIT0044] The majority of immunosuppressants are metabolized by CYP450 isoenzymes and eliminated via glycoprotein P. For instance, tacrolimus and cyclosporine are metabolized by this system, while mycophenolic acid is metabolized by uridine diphosphate glucuronosyltransferase (UGT) and has fewer interactions with antiretroviral therapy.[@CIT0044],[@CIT0046] Several studies have reported a significant increase in the plasma concentration of tacrolimus (8--20-fold) when used with PIs.[@CIT0045],[@CIT0046] Therefore, based on the available evidence on HIV-positive kidney and liver recipients, who received tacrolimus and lopinavir concurrently, the recommended dose of tacrolimus is 0.5 mg every 5-- 7 days and its plasma concentration should be maintained between 6 and 8 ng/mL.[@CIT0044],[@CIT0047] If daily administration of tacrolimus is preferred, the dose of 0.03--0.08 mg daily or a reduction to one-twentieth to one-fiftieth of baseline daily dose is recommended.[@CIT0012],[@CIT0046]

Another CNI, cyclosporine, has less severe drug interactions with PIs than tacrolimus, but an increase in its plasma concentration, particularly when used with hydroxychloroquine, is of great importance. Thus, based on studies conducted on HIV-positive kidney and liver recipients who received cyclosporine and lopinavir/ritonavir concurrently, the cyclosporine dose should be reduced to one-fifth of the total daily dose to achieve 100--200 ng/mL as the target plasma concentration (eg, 25 mg every 1--2 days), and daily plasma concentration measurement is also recommended.[@CIT0015],[@CIT0048]

As mentioned earlier (see "Immunosuppressive Medications", above), temporary discontinuation of mTOR inhibitors in transplant patients with COVID-19 at the discretion of the transplant team is recommended. However, if they are continued, the drug interaction with PIs should be noted, and a 50--90% reduction in dose of sirolimus and discontinuation of everolimus should be considered in concurrent use with PIs.[@CIT0049],[@CIT0051]

Ribavirin {#S0003-S2003}
---------

Ribavirin is a nucleotide/nucleoside analogue which is effective against a wide range of DNA and RNA viruses.[@CIT0052] The oral dosage form in combination with interferon is used in the treatment of chronic hepatitis C and the inhalation form is administered in the treatment of RSV.[@CIT0053] It is considered as a promising agent in the management of COVID-19 because of effective clinical experience with this agent in MERS.[@CIT0054],[@CIT0055] If this drug is administered in transplant patients with COVID-19, the risk of drug interactions and adverse effects should be noted. Hemolytic anemia 1--2 weeks after the initiation of ribavirin, particularly in combination with interferons, is of great importance. Patients with cardiovascular comorbidity need more attention regarding this adverse effect.[@CIT0052]

The concurrent use of ribavirin with bone marrow suppressant drugs, such as antimetabolites, cotrimoxazole, ganciclovir, and valganciclovir, which may be used in transplant patients, causes thrombocytopenia and pancytopenia.[@CIT0056] Considering renal elimination of ribavirin, its use is not recommended in patients with a GFR \<50 mL/min because the risk of hemolytic anemia increases.[@CIT0057]

Remdesivir and Umifenovir (Arbidol) {#S0003-S2004}
-----------------------------------

Remdesivir, which is an adenosine analogue and RNA polymerase inhibitor, acts as an antiviral agent and has been successful in the treatment of MERS-CoV and ebola in clinical and animal models.[@CIT0058],[@CIT0060] Thus, this drug has been mentioned in some studies as one of the treatment options for COVID-19 and its efficacy in COVID-19 is under investigation in clinical trials.[@CIT0061],[@CIT0124] Currently, nine clinical trials are being conducted regarding the safety and efficacy of remdesivir in patients with COVID-19.[@CIT0062] At this time, there is no widespread access to this drug and its use is limited to clinical trials, emergency treatment, and compassionate use requests, but its manufacturer, Gilead (Foster City), is trying to expand its access programs during the COVID-19 outbreak.[@CIT0028],[@CIT0063] The suggested dose is 200 mg stat and then 100 mg daily for 9 days.[@CIT0064] Considering the limited studies on remdesivir, sufficient data regarding its side effects, drug interactions, and safety are not available and we should wait for further studies. No drug interactions are expected between remdesivir and immunosuppressants used in transplantation settings. However, considering the lack of knowledge regarding the safety of remdesivir coadministration with immunosuppressants, it is suggested that their blood concentrations should be closely monitored.[@CIT0015] The AASLD has warned about its hepatotoxic effects in transplanted patients.[@CIT0012]

Umifenovir is another potential option for COVID-19 treatment. It is a broad-spectrum antiviral agent used in the treatment and prevention of influenza and it has in vitro activity against SARS-CoV-2.[@CIT0065] Studies published after the emergence of SARS-CoV-2 indicate that it has positive effects on COVID-19, in combination with other therapeutic options. The suggested dose in one study is 200 mg every 12 hours for 10 days.[@CIT0066] In a case report regarding two kidney transplant patients with COVID-19 who were treated successfully, umifenovir was one of the therapeutic options.[@CIT0067]

Umifenovir is metabolized by the liver, particularly CYP3A4, so it should be used with caution in patients with liver failure.[@CIT0068] Its protein binding is high; thus, it should be used cautiously in patients receiving other medications with high protein binding.[@CIT0069] So far, no data are available regarding its effects when used concurrently with immunosuppressants.

Interferon (IFN) {#S0003-S2005}
----------------

IFN type I, such as IFN-α and IFN-β, and IFN type II, such as INF-γ, are considered important components of the host immune response to viral infections.[@CIT0070] Interferons have been used in the treatment of hepatitis C virus (HCV) in combination with ribavirin, owing to their positive effect on viral replication and immunomodulatory properties.[@CIT0071] After the emergence of SARS-CoV-1 in 2003 and MERS-CoV in 2013, studies regarding the effects of IFNs in their treatment have been conducted.[@CIT0072],[@CIT0074] Currently, IFNs are being studied for the treatment of COVID-19. IFNs have been used as nebulization or subcutaneous injections in these studies.[@CIT0075],[@CIT0076] Although it is too early to make judgments about the efficacy of IFNs in the management of COVID-19, the following points should be considered in kidney or liver transplant recipients with COVID-19 for whom INFs are initiated.

Long-term use of IFNs may cause bone marrow suppression, so it is recommended not to use these agents in severe neutropenia or thrombocytopenia.[@CIT0077] Moreover, their use can lead to hepatotoxicity. There are several reports of hepatoencephalopathy, jaundice, and acute liver failure in patients receiving IFN for the treatment of HCV.[@CIT0078] At the same time, acute and chronic rejection, plasma cell hepatitis, and consequently graft failure have been reported in liver transplant recipients using pegylated interferon.[@CIT0079],[@CIT0081] Also, acute humoral rejection in kidney transplant recipients with HCV treated with IFN has been reported.[@CIT0082] Therefore, IFNs are not recommended in kidney and liver transplant recipients because of the risk of rejection.

Interleukin (IL) Antagonists {#S0003-S2006}
----------------------------

A hyperinflammatory syndrome, which presents with fulminant and fatal hypercytokinemia, is mentioned as COVID-19 pathogenesis in the majority of studies conducted in this regard.[@CIT0083] Some studies have mentioned positive effects of IL-1 inhibitor (anakinra) and IL-6 antagonist (tocilizumab) in COVID-19, and clinical trials are being conducted to evaluate the efficacy of these agents in the management of this disease.[@CIT0084],[@CIT0085] Thus, we should wait for the results of these studies. Studies on the safety of tocilizumab in transplantation have so far been restricted to steroid-refractory acute graft-versus-host disease (GVHD),[@CIT0086],[@CIT0125] and studies regarding the safety of this agent in kidney and liver transplantation are limited. Although studies on the efficacy and safety of tocilizumab in transplantation are scarce, some case reports have indicated that the use of monotherapy or combination therapy with tocilizumab improved the status of transplant recipients with COVID-19.[@CIT0085],[@CIT0087] It is worth mentioning that some aspects of tocilizumab administration, such as time of initiation (early vs late phase), route of administration (subcutaneous vs intravenous), and dose, are not clear yet, and we have to wait for the results of clinical trials.[@CIT0088] We found case reports mentioning liver damage and fulminant liver failure due to hepatitis B reactivation following tocilizumab therapy.[@CIT0089],[@CIT0091] However, there are some studies reporting successful treatment by tocilizumab of chronic antibody-mediated rejection in kidney transplant patients.[@CIT0086],[@CIT0126] Considering the specific adverse effects of tocilizumab, including upper respiratory tract infections, cardiovascular complications, and hepatic failure,[@CIT0092] it seems that until an official announcement of the results of ongoing studies, its use in transplant patients with COVID-19 is debatable.

Other Considerations {#S0004}
====================

Sometimes, medications other than antivirals are used for symptomatic therapy or supportive care in COVID-19 patients. For the management of fever, myalgia, or headache caused by COVID-19 or by medication such as hydroxychloroquine, acetaminophen (paracetamol) is recommended as the first line agent, but acetaminophen-induced hepatotoxicity should be noted and the dose should be no more than 2 g/day.[@CIT0012]

Regarding the use of non-steroidal anti-inflammatory drugs (NSAIDs) in COVID-19 patients, no conclusive evidence is available. The mechanism of action of NSAIDs includes inhibition of cyclooxygenase (COX)1/COX2. These enzymes are responsible for the production of prostaglandins (PGs), such as PGE~2~/PGD~2~ and PGI~2~, which can promote and restrain inflammation.[@CIT0093] It is reported in one study that inflammation worsens following NSAID administration in COVID-19 patients, particularly those receiving ibuprofen.[@CIT0094] In one study, ibuprofen induced overexpression of ACE2 in diabetic rats.[@CIT0095] This effect can theoretically worsen the inflammatory course in patients suffering from COVID-19.[@CIT0096] However, some studies have concluded that owing to the anti-influenza properties of naproxen,[@CIT0097],[@CIT0098] it may be effective in COVID-19 patients.[@CIT0099] Also, considering the antiviral activity of indomethacin on coronavirus replication in vitro, it may be effective in COVID-19 patients.[@CIT0100] It is too early to make judgments about the effects of NSAIDs in the management of COVID-19 patients, and particularly transplant recipients, and we should wait for the results of ongoing studies,[@CIT0101] but the following points should be considered in the management of COVID-19 in kidney and liver transplant recipients.

Administration of NSAIDs in kidney transplant patients increases the risk of acute kidney injury (AKI) owing to their mechanism of action (inhibition of PG synthesis) and decrease in renal blood flow.[@CIT0102] The risk of AKI increases with the concurrent use of CNIs as the basis of immunosuppression in kidney transplant recipients.[@CIT0103] Also, concern exists regarding NSAID administration in liver transplant patients, particularly due to diclofenac liver injury.[@CIT0104] Thus, caution should be applied when administering NSAIDs in transplant recipients.

Another complication in patients with COVID-19 is nausea and vomiting (N/V). Serotonin antagonists (5-HT~3~ receptor antagonists), dopamine antagonists, NK1 antagonists, and antihistamines are common drugs used for the management of N/V.[@CIT0105] Considering polypharmacy in patients with COVID-19, special attention should be given to drug interactions between antiemetics and other administered medications when treating N/V in this population. For instance, the risk of QT prolongation is high in concurrent use of lopinavir/ritonavir, hydroxychloroquine, and serotonin antagonists, such as ondansetron and granisetron, or NK antagonists, such as aprepitant, and it is better to avoid their concurrent use.[@CIT0106] Furthermore, serotonin syndrome is predictable in concurrent use of serotonin antagonists with some common medications in critically ill patients, such as linezolid and fentanyl.[@CIT0107],[@CIT0108] Therefore, considering the safety of antiemetics, it is recommended to use antihistamines, such as diphenhydramine or dimenhydrinate, in patients with COVID-19. Also, it is advised to administer medications such as lopinavir/ritonavir after meals, and to insert an interval of at least 1 hour between these agents and emetogenic drugs, such as oseltamivir.

Dry cough is the main complaint of patients with COVID-19. Dextromethorphan, guaifenesin, codeine, and levocloperastine are safe in majority of patients and do not have any potential drug--drug interactions.[@CIT0109],[@CIT0110] However, the risk of serotonin syndrome with high-dose administration or prolonged use of dextromethorphan or other agents that increase serotonin should be noted.[@CIT0111]

In transplant patients with cardiovascular diseases and COVID-19, it is necessary to continue cardiovascular medications. Based on animal laboratory studies, ACE2 receptors in the lung are binding sites for SARS-CoV-2. At first, the hypothesis was considered that taking ACE inhibitors (ACEIs) or angiotensin II receptor blockers (ARBs) can worsen the pulmonary function of patients with COVID-19,[@CIT0112] but further studies demonstrated that ACEIs or ARBs can be considered as potential therapeutic options for the management of patients with COVID-19.[@CIT0113],[@CIT0127],[@CIT0128] Therefore, cardiovascular disease societies recommend that patients taking ACEIs or ARBs continue receiving their treatment and avoid the abrupt discontinuation of these drugs due to adverse effects on the course of COVID-19 disease.[@CIT0113]

Statins are another prescribed class of medications discussed in patients with COVID-19. Considering their anti-inflammatory properties, positive clinical experience with statins in the improvement of ARDS in patients with ebola and MERS, and their effect in upregulation of the activity of the ACE2 pathway, some reports have recommended their use in patients with COVID-19.[@CIT0114],[@CIT0116] However, some studies do not recommend the initiation or routine use of statins in patients with COVID-19 owing to the paradoxical effects of statins for improving lung function in patients with viral infections and their potential side effects. The American College of Cardiology recommends statin therapy only for patients with cardiovascular adverse effects caused by COVID-19 or patients with clinical atherosclerotic cardiovascular disease (ASCVD) or diabetes, or those at high risk of ASCVD.[@CIT0117],[@CIT0129],[@CIT0130] We should wait for further studies regarding the prescription of statins in kidney and liver transplant patients with COVID-19. Also, the side effects of statins, such as a rise in liver enzymes, myalgia, or, in more severe cases, rhabdomyolysis, should be considered. Considering drug interactions between immunosuppressants and statins, it seems that tacrolimus is a safer option than cyclosporine in concurrent use of atorvastatin.[@CIT0118],[@CIT0119] It is worth mentioning that most statins are metabolized via CYT P450 isoenzymes, particularly 3A4, as well as P-glycoproteins. The coadministration of PIs, such as lopinavir and darunavir, and their pharmacokinetic enhancers, such as ritonavir and cobicistat, with statins leads to increased statin levels and their adverse effects. Simvastatin or lovastatin should not be administered concomitantly with ritonavir/cobicistat-boosted PIs. The maximum recommended daily dose of atorvastatin and simvastatin is 20 and 10 mg, respectively, when coadministered with ritonavir/cobicistat‐boosted PIs.[@CIT0120]

Conclusion {#S0005}
==========

The maintenance of the transplanted graft and its proper function is of great importance in patients with COVID-19. With regard to receiving immunosuppressants and polypharmacy, treatment options should be chosen with prudence in these patients. It is suggested that mTOR inhibitors be stopped throughout the course of COVID-19 and substituted with CNIs. Also, close therapeutic drug monitoring of immunosuppressants should be conducted in this population. Considering drug--drug interactions and adverse effects of medications used for the treatment of COVID-19, such as QT prolongation, the dose reduction of some immunosuppressants or avoidance of their administration should be considered in transplant recipients with COVID-19. QT prolongation should be considered when using hydroxychloroquine or lopinavir/ritonavir in combination with other QTc-prolonging drugs, such as antipsychotics and cardiac medications. We should wait for further clinical trials and multicenter studies to evaluate the safety and efficacy of treatment options for COVID-19 in transplant patients.
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[^1]: **Abbreviations:** COVID-19, coronavirus disease 2019; HIV, human immunodeficiency virus; IMPDH, inosine monophosphate dehydrogenase; IV, intravenous; IL, interleukin.

[^2]: **Abbreviations:** TGs, triglycerides; GGT, gamma-glutamyl transferase; ALT, alanine transaminase; N/V, nausea and vomiting; URT, upper respiratory tract; PI, protease inhibitor; CYP, cytochrome; GI, gastrointestinal; CRRT, continuous renal replacement therapy; GFR, glomerular filtration rate; G6PD, glucose-6-phosphate dehydrogenase; AST, aspartate transaminase.
